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It is known that the energy necessary for the performance of cellular 
activities is mainly derived through oxidations effected by a number of 
enzymes.  Some  of  them  produce  irreversible  oxidations;  others, 
reversible oxidations.  Pyruvic acid-oxidizing enzyme is an example of 
the former; Thunberg's "succinodehydrogenase," of the latter.  The 
ability of cells and tissue suspensions to reduce reversible dyes is a proof 
of the existence of such oxidation-reduction enzymes, since this reduc- 
ing power is destroyed as soon as the enzymes are rendered inactive. 
Of these oxidation-reduction enzymes, the succinodehydrogenase has 
been observed to be present in quite a variety of Cells,--most animal 
tissues and many bacteria.  It is undoubtedly one of the enzymes re- 
sponsible for the reducing power of tissues.  It is a perfect type of an 
oxidation-reduction enzyme, as has been shown by Quastel and Whet- 
ham (1),  Thunberg (2),  and lately by Lehmann (3)  in an  important 
communication which was recently confirmed by Borsook and  Schott 
(4).  The equilibrium reaction can be represented as follows: 
Succinic acid enzyme fumaric acid "b 2H  + J¢"  2e 
In the present paper evidence is given of the lack or complete inhibi- 
tion of succinodehydrogenase in Rous chicken sarcoma and infectious 
myxoma of the rabbit and of the partial inhibition of the enzyme in 
tissues affected by filterable virus diseases, evidence which has been 
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obtained by studying the speed of reduction of methylene blue  in the 
presence  and  absence  of  succinate  and  the  oxygen  consumption 
before and after the addition of succinate. 
There are in the literature contradictory reports with regard to the reducing 
power of tumor tissues.  Drew (5), studying the reduction of methylene blue by 
several mouse tumors, concluded  that there is considerable  lag of reduction by 
tumors  as  compared  with  normal  tissues.  Heinlein  (6)  sustains  this  view. 
Voegtlin, Johnson, and Dyer (7), as result of well controlled experiments, reported 
that carcinomata had similar reducing power to normal tissues.  Yaoi and Naka- 
hara  (8),  working  with Rous chicken sarcoma,  reported that, while  this tumor 
when heated at 56°C. under a layer of vaseline is unable to reduce methylene blue 
in the presence of sodium succinate,  skeletal muscle submitted to the same treat- 
ment reduces the dye in 16 hours. 
EXPEl~  rM~.NTAL 
In  studying the reducing power of the tissue of a  number of trans- 
plantable tumors and of certain tissues infected with various filterable 
viruses, in  the presence and absence of sodium succinate, the follow- 
ing technique was employed. 
The tissue was cut into thin slices as in the Warburg technique for tissue res- 
piration and 0.5 gm. of it was introduced into a test-tube containing S~Jrensen's 
phosphates  (M/15) at pH 7.38  The  test-tubes, six in number, were  connected 
entirely by glass tubing, rubber connections being completely eliminated.  Methyl- 
ene blue (total concentration, 0.0001 M) was mostly used as the indicator of re- 
duction intensity.  A stream of purified nitrogen was passing  through the  tubes 
until the completion of the experiment.  This kept the tissues in continuous move- 
ment throughout the entire colllmn of liquid and facilitated reduction of the dye. 
The tubes were kept in an air bath at 37.5°C. -4- 0.3  °. 
Seven  different  strains  of  malignant  rat  tumors  and  one  rabbit 
tumor have been studied.  The results show that tumor tissues have 
practically  the  same  reducing  power  as  normal  tissues  (Table  I). 
The fact that in the presence of sodium succinate (0.01 M) the time of 
reduction  is  shortened  proves  the  presence  in  all  these  tumors  of 
succinodehydrogenase.  Rous  chicken  sarcoma  and  rabbit myxoma 
present a  striking contrast in their behavior concerning the reduction 
of methylene blue as compared with  typical  malignant  tumors.  As 
can  be  seen in Table I,  the time of reduction of methylene blue by 
Rous  chicken  sarcoma  is  about  ten  times  as  long  as  in  the  case E.  S.  GUZ~AN  BAP.~ON  831 
TABLE  I 
The Reducing Power of Typical Mammalian  Tumors,  of Rous Chicken Sarcoma, 
Rabbit  Myxoma,  and  Certain  Tissues  Infected  with  Filterable  Viruses 
Time of complete reduction of 
methylene blue 
Tissue 
Rat  Walker round cell Sarcoma 319 .................... 
"  "  medullary  Carcinoma  256 .................. 
"  "  spindle cell Carcinoma  155 ................. 
"  "  Carcinoma  2 .............................. 
"  "  Adenocarcinoma 12 ........................ 
"  "  benign breast adenofibroma ................. 
"  Crocker small spindle cell sarcoma .................. 
Rabbit  epithelioma ................................... 
Rous chicken sarcoma ................................ 
Chicken muscle ...................................... 
Rabbit  testicle--normal  .............................. 
"  "  Virus  IH ............................ 
"  "  neurovaccine .......................... 
"  brain--hexpes  ................................ 
"  "  normal  ................................ 
Fowl-pox (eye) ....................................... 
"  (skin)  ...................................... 
Fowl  normal skin  ..................................... 
Rabbit  myxoma ...................................... 
With Na 
succinate 
No 
tion 
m/n. 
9 
14 
25 
10 
9 
17 
10 
23 
114 
14 
23 
36 
63 
29 
14 
52 
47 
47 
reduc- 
Without  Na 
sucdnate 
14 
20 
30 
15 
14 
22 
114 
24 
83 
37 
19 
9O 
6O 
No  reduc- 
tion 
TABLE  I1 
The Effect of Sodium Sucdnale on the Oxygen Consumption  of Rous Chicken 
Sarcoma 
Experiment  No. 
Oxygen consumption  per  30 min. 
Before succinate  addition 
#.ram. 
6.4 
7.0 
8.0 
7.5 
6.0 
After succlnate addition 
C.~m. 
7.0 
7.2 
9.0 
8.0 
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of  these  tumors  and  it  is  unaffected by  the presence of  succinate. 
The reducing power of rabbit myxoma is even lower; it does not reduce 
methylene blue;  2,6-dichlorophenol-indophenol is reduced only about 
40 per cent at the end of 5 hours (which would give an Eh of +  0.158 
volts). 
Among the tissues affected by filterable viruses the following have 
been studied: herpetic encephalitis (brain), rabbit Virus III (testicle), 
neurovaccine Levaditi  (rabbit  testicle),  and fowl-pox (fowl eye and 
skin).  As can be seen in Table I, although the speed of methylene blue 
reduction in the presence of succinate is greater than in its absence, 
there is a partial inhibition of the enzyme as compared with the speed 
of reduction of the dye by the normal organ, fowl-pox of the skin being 
the only exception.  In this particular case there was a great amount 
of normal skin. 
The lack of the enzyme responsible for the oxidation of succinic acid 
has been observed also in tests of the effect of this substrate upon the 
oxygen consumption of Rous  chicken sarcoma  (Table  II).  Sodium 
succinate was kept in the side arm of the Warburg vessel and poured 
into the main vessel containing the tumor after the oxygen consump- 
tion of the tumor had been measured for i  hour. 
DISCUSSION 
In a  study of the metabolism of typical transplantable tumors on 
the one hand and on the other of the metabolism of Rous  chicken 
sarcoma (which can be produced by the injection of ceU-free extracts of 
the tumor) and of infectious myxoma of the rabbit (a typical virus dis- 
ease) it has been impossible to differentiate their origins.  Murphy and 
Hawkins (9), have shown that Rous chicken sarcoma has a metabolism 
similar to that of carcinomatous tumors having a Pasteur reaction of 
+ 13.0.  In the Appendix of this paper it is shown that the infectious 
myxoma of the rabbit has a Pasteur reaction of +1.5 such as is given 
by benign tumors.  Crabtree  (10)  reports that tissues infected with 
filterable viruses, as,  e.g.,  fowl-pox, vaccine rabbit,  vaccine chicken~ 
also show an aerobic glycolysis.  The Pasteur reaction of fowi-pox, as 
calculated  from  Crabtree's data,  is  +6.7;  that  of  vaccine chicken, 
+ 1.4; and of vaccine rabbit, -  3.8.  A characteristic difference  has been 
reported  here between ordinary  transplantable  tumors and tumors E.  S.  GUZMAN  BARRON  833 
which can be produced by the injection of cell-free extracts, namely 
Rous chicken sarcoma and rabbit myxoma.  The difference  lies in the 
presence of  succinodehydrogenase in carcinomata and in its absence 
in Rous chicken sarcoma and the infectious myxoma of the rabbit, a 
fact  shown not only by observing the reduction time of methylene 
blue in presence of succinate, but also in the case of Rous chicken sar- 
coma by  the measure of the oxygen consumption before and after 
addition of succinate,  It was also observed when these studies were 
extended to tissues in which filterable viruses were growing, that there 
was a marked inhibition of the activity of succinodehydrogenase  when 
compared withthe activity of the enzyme from similar tissues in normal 
condition. 
The influence of oxidation-reduction enzymes upon the metabolism 
of normal and abnormal tissues has not yet been studied.  They must 
undoubtedly play a  considerable r61e, since they are the catalysts of 
reversible biological oxidations.  The inhibiting effect upon the activ- 
ity  of  succinodehydrogenase, a  typical oxidation-reduction  enzyme 
observed in the case of Rous chicken sarcoma and rabbit myxoma and 
the partial inhibition in the case of several virus diseases are proof of 
such influence.  By this inhibition the reducing power of these tissues 
is  considerably lowered as  compared with other tumors or  normal 
tissues. 
CONCLUSIONS 
1.  The tissues of Rous chicken sarcoma and of the infectious myx- 
oma of the rabbit do not possess the oxidation-reduction enzyme suc- 
cinodehydrogenase, which is present in normal tissues  and in trans- 
plantable tumors. 
2.  Filterable virus diseases  (rabbit Virus III, rabbit neurovaccine, 
rabbit  herpes,  fowl-pox)  produce in the  tissues  affected by them  a 
partial inhibition of succinodehydrogenase. 
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APPENDIX 
The infectious myxoma of the rabbit,  first described by SanareUi 
(1), an infectious and contagious disease specific for rabbits, is acknowl- 
edged by investigators to be caused by an ultramicroscopic agent.  It 
produces at  the same time subcutaneous nodules simulating  tumor 
growth.  The nodules have a  myxomatous picture owing largely to 
a hyperplasia and hypertrophy of connective tissue with large so called 
myxoma cells here and there in a loose edematous network of fibrils. 
The metabolism of these nodules has been studied by means of the 
well known Warburg  methods  (2).  The  tissues  were suspended in 
Ringer bicarbonate, pH 7.4,  containing 0.5 per cent glucose.  As can 
be seen in Table  I  this tumor shows  an  extremely low  respiration, 
specifically, a Q~2 of -2.4.  Such low figures have been found, among 
mammalian  tissues,  only  in  the  case  of  some  human  carcinomas 
studied by Krebs and Kubowitz (3).  Rabbit myxoma, like all other 
tumors and some embryonic tissues, shows definite aerobic glycolysis 
(lactic acid produced by the tissue in aerobic conditions, as measured 
by the  COs  given off in  the presence of Ringer bicarbonate).  The 
average value of the aerobic glycolysis is Q°b,  =  +2.2.  The anaero- 
bic glycolysis of this tumor is quite marked in contrast with its low 
respiration.  The average value is Q~, =  +6.4. 
Warburg (4)  has classified the tissues according to the direction of 
the Pasteur reaction.  The Pasteur reaction as defined by Warburg is 
the relationship between respiration  and fermentation.  Taking the 
maximum value obtained when the cells are put in a condition of opti- E. S. GUZMAN  BARRON  835 
mum  oxidative  activity  and  comparing  them  with  those  obtained 
under anaerobic conditions, he calculates the excess fermentation U by 
means of the following equation: 
Nt 
u  = Oco  '  -  2 (0o,). 
U  will be nil when the anaerobic fermentation is twice the respira- 
tion and it will be negative or positive when  twice the respiration is 
greater or smaller than  the anaerobic fermentation.  Normal organs, 
TABLE  I 
The Metabolism of the Infectious Myxoma of the Rabbit,  in Ringer Bicarbonate  + 
0.5 Per Cent Glucose,  ~H 7.4 
N2  U  Experiment  No.  Qot  Q  cot  QCOl 
Average  ...... 
--2.0 
--3.1 
--1.9 
--2.1 
--2.7 
--2.4 
+1.1 
+4.3 
+1.2 
+1.5 
+3.0 
+2.2 
+5.4 
+8.1 
+5.3 
+5.6 
+7.1 
+6.3 
+1.4 
+1.9 
+1.5 
+1.4 
+1.7 
+1.5 
Qch  =  Respiration.  C. ram. of oxygen consumed per hour by 1 mg. per dry 
weight of tissue. 
Q~co,  =  Aerobic  glycolysis.  C. ram.  of carbon dioxide produced by glycolysis 
per hour by 1 mg. per dry weight of tissue. 
~c~  =  Anaerobic glycdysis.  C. mm. of carbon dioxide produced per hour by 
I rag. per dry weight of tissue kept in a gas mixture of 95 per cent nitrogen and 5 
per cent CO,. 
U  =  Pasteur reaction  =  Q~c~ -  2 (QoO. 
the retina excepted, give negative values under such conditions, while 
tissues from malignant tumors give positive values.  Rabbit myxoma 
has  a  Pasteur  reaction  of  +1.5,  similar  to  that  of  benign tumors 
studied by Warburg. 
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